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Introduction
This study investigates the effect of immigration on the German labour market in a search and matching framework. In particular, we estimate the long-term impact of immigrants who entered Germany in the period [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . Existing literature is focused on estimating wage effects of immigration and is mostly based on the assumption of a competitive labour market with the marginal pricing of labour 1 . This approach doesn't take into account the bargaining nature of wage-setting in Germany and low mobility of workers, implying that frictional unemployment may be an important transmission channel when analyzing the effect of immigration, which is not captured by the neo-classical competitive market framework. Moreover, there remain open questions concerning the general equilibrium effects and welfare changes in response to immigration. Our study addresses these issues by developing a search and matching model with endogenous job-creation, bargained wages, self-employment by native and immigrant workers, endogenous output prices and fiscal adjustments. Hence we are able to decompose the total effect of immigration into the separate contributions of a rise in labour supply, endogenous response of the labour demand, higher aggregate demand for goods and services and the corresponding adjustment in output prices, unemployment benefits and public expenditures. To the best of our knowledge there is no other study for Germany that identifies and estimates these effects in a unified labour market framework with search frictions. To calibrate the model we use data from the German Socio-Economic Panel and aggregate macroeconomic indicators.
More specifically, we consider a labour market with two production sectors: tradable (manufacturing) and non-tradable (services). In both sectors output is produced by means of high and low skill labour combined together by means of a CES production function 2 . Thus there are four separate submarkets in our model depending on the sector and the skill level of workers.
Job creation (vacancies) in every submarket is modeled by means of a search and matching model following Pissarides (2000) . Every worker can be a native or an immigrant, so there are eight distinct groups in our model depending on the ethnic origin, skill level of the worker and the production sector. Native and immigrant workers apply for the same vacancies in each of the four submarkets, however, their hiring chances, productivities and wages can be different.
Wages are set by means of Nash-bargaining and reflect differences in productivities and outside opportunities of workers.
Every worker can be employed, unemployed or self-employed. Our motivation to include the state of self-employment into the model is due to the fact that in Germany immigrant workers are overrepresented in self-employment compared to regular paid employment (Metzger (2016) ).
Thus it is possible that some immigrant workers enter self-employment out of necessity if their chances of finding a regular paid job are too low. For example, Constant and Zimmermann (2006) report that immigrant workers in Germany are more likely to enter self-employment if they feel discriminated in the regular labour market. This means that immigration effects produced in the absence of self-employment can lead to biased estimates since such a model would overpredict the rise in unemployment in response to the new immigration inflow.
Further, workers have homothetic preferences with a CES utility function and decide how to spend their income (wage, unemployment benefit or profits from self-employment) between consumption of goods and services. From an aggregate perspective, we set a fixed price for tradables (manufactured goods), but the price for services is endogenously determined, so in the equilibrium the demand for services is equal to the supply of services. Finally, we assume a balanced budget of the planner, who collects income taxes, pays out unemployment benefits and distributes the rest as a lump-sum transfer to all workers.
We find that the number of immigrant workers in Germany remained virtually unchanged in the years 2008-2010, but increased thereafter by almost 20%. So having calibrated our model by using GSOEP data from 2008 we analyzed the implications of a 20% increase in immigration.
At the calibration stage we find that wages of low skill workers, especially, in manufacturing are closer to the marginal productivities of these workers. The situation is different for high skill workers, whose wages are closer to their reservation wages and reflect to a large extent their outside opportunities in terms of finding jobs. This means that search frictions are less important for the low skilled, whose wages can even be approximated by the marginal product, but are more important for the high skilled. Intuitively, this could be due to the fact that low skilled workers in Germany are largely covered by labour unions, whereas high skill workers are more likely to negotiate the wage individually.
In order to calibrate the matching function for Germany we used aggregate data of the Federal Employment Agency (BA) for the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . We find that the average vacancy duration increased by 72% over this period, reflecting a rising shortage of the workforce. Our estimate of the elasticity of the matching function (job-filling rate) is equal to 0.44 and is not far from 0.5, which is often assumed in the search and matching literature. Finally, at the calibration stage we observe a large gap in unemployment rates between native and immigrant workers. Given that vacancies are publicly posted in our model, differences in unemployment rates are reflected in the probability of being hired conditional on matching. We find that the hiring chances of immigrant workers are lower compared to native workers, especially, for high skill workers. For example, immigrant worker are three times less likely to get a job in manufacturing occupations and four times less likely to get a job in services. The situation is less dramatic for low skill workers in manufacturing, where the hiring chances of both immigrants and natives are approximately equal. Intuitively, this could be due to the larger importance of language skills in high skill jobs, more uncertainty about the quality of foreign education and/or stronger hiring discrimination.
Having performed the calibration we analyzed the implications of a 20% increase in immigration observed in Germany in the last eight years. The benchmark scenario in our model is skill and sector-neutral immigration 3 . In this case we find that immigration leads to 0.55% higher aggregate welfare in Germany, but this estimate is prior to the fiscal adjustment of the budget.
Further we find that immigration leads to a positive surplus of the public budget since taxes paid by new immigrant employees dominate additional expenses on benefits paid to the new unemployed migrants. Allowing for higher lump-sum transfers to restore the balance of the budget we report a total increase in welfare equal to 1.65%. This positive effect of immigration on public finances in Germany is not completely unexpected. For example, in his empirical research Bonin (2014) reports that a netto contribution of an average immigrant living in Germany in 2012 was about e3300 with the total contribution of all immigrants equal to e22 Bln.
Considering the effect on different worker groups, we find that productivity of low skill workers falls, whereas the productivity of high skill workers is increasing. Since manufacturing is a low skill intensive sector, and low skill immigrants are the majority, output in manufacturing increases stronger than the output in services, which is a high skill intensive sector. This leads to the overproportional increase in the internal demand for services and raises the price of services.
So there is an asymmetric effect on the two sectors. Whereas manufacturing workers are worse off due to the fact that services become more expensive, workers employed in services are gaining since higher prices stimulate job creation in their sector. Overall, low skill workers employed in manufacturing face lower wages and higher unemployment. Combined with a higher price of services this leads to the change in welfare of these workers equal to −1.7% prior to the budget adjustment and −0.6% afterwards. High skill workers employed in manufacturing gain in terms of productivity, which leads to higher wages and lower unemployment, but this positive effect is mitigated by higher prices, so the change in their welfare is equal to −0.6% prior to the budget adjustment and +0.4% afterwards. Low skill workers employed in services gain higher wages and lower unemployment, which is due to the positive effect of the higher price. So the change in their welfare is equal to +1.6% prior to the budget adjustment and +2.8% afterwards. Finally, high skill workers employed in services gain most from immigration. Not only their productivity increases, but also the price for their services is higher. This is associated with a change in welfare equal to +3.3% prior to the budget adjustment and +4.3% afterwards.
Given the lower hiring chances of immigrant workers observed in Germany, it is possible that their skills are underutilized. Thus there is a question about the change in welfare associated with improving the hiring chances of immigrant workers. In order to address this question we have generated a counterfactual economy with equal hiring chances between native and immigrant workers. In reality, this step could take the form of an easier access to language and integration courses, easier application process for recognizing foreign diplomas and/or antidiscrimination policies. We find that welfare gains of immigrant workers, especially high skilled, are substantial and dominate small welfare losses of native workers stemming from the fall in marginal productivity. So the average welfare gain of all workers prior to the budget adjustment is equal to 0.5%. Furthermore, higher wages of immigrant workers, resulting from better outside opportunities, mean higher tax income and a moderate surplus of the public budget. Taking into account better financing of public goods, which in our model takes the form of lump-sum transfers to the population, we find that the overall welfare gain increases to 0.9%. Thus we conclude that due to the redistributive tax policy even native workers gain welfare from an improvement in the hiring chances of immigrants.
Further, we have done several extensions and robustness checks. First, we have extended the model to account for proportional unemployment benefits. So in this extension we keep a constant replacement rate, but the unemployment benefit is moving in the same direction as the wage. We find that proportional unemployment benefits amplify the positive effect of immigration. This is because increasing wages of all worker groups, except low skill workers in manufacturing, raise their unemployment benefits and put an additional upward pressure on wages. So the overall gain in worker's welfare is equal to 2.0% with proportional unemployment benefits, which is larger than 1.6% in the benchmark case. Next we have increased the elasticity of substitution between high and low skill workers from 1 (Cobb-Douglas function in the benchmark case) to 1/0.34 ≈ 2.94 following the estimation by D'Amuri, Ottaviano and Peri (2010) .
We find that stronger complementarity is beneficial for the low skilled and costly for the high skilled. For example, the rise in wages of all high skill workers is mitigated, whereas the rise in wages of the low skilled in services is amplified. This, however, doesn't change the overall welfare increase from skill-and sector-neutral immigration, which remains at the level of 1.6%.
Using a search and matching framework to address the impact of immigration is a relatively recent tendency in the literature. For example, Chassamboulli and Palivos (2014) have incorporated a nested CES production function with capital, skilled and unskilled labour into the frictional labour market and calibrated this model to the U.S. economy, which experienced a high-skill biased immigration in the period 2000-2009. They conclude that the overall effect of immigration in the U.S. in the considered period should be estimated as positive. Second closely related study is by Battisti, Felbermayr, Peri and Poutvaara (2014) . These authors calibrated their search and matching model to 20 different OECD countries and arrived at a general conclusion that immigration in the period 2000-2011 has increased the welfare of native workers in almost all these countries. Our model has a number of similarities with Battisti et al. (2014) e.g. the wage gap between natives and immigrants, redistributive fiscal policy and perfect substitution between these groups in the CES production function. However, there are also notable deviations, for example, in our model we consider two production sectors -manufacturing and services -with an endogenous price setting in services and self-employment of native and immigrant workers. We find that the model with two production sectors is better in capturing the asymmetric effects of immigration on high and low skill workers, who are not equally distributed between these sectors. In particular, our model takes into account that low skill workers, who are overrepresented in manufacturing, are more protected against changes in the domestic output demand since manufactured goods are largely traded on the international market. Another departure from Battisti et al. (2014) is that in our model differences in the unemployment rates between natives and immigrants are captured by lower hiring chances of immigrant workers, whereas it is captured by higher job destruction rates in their study.
Another study by Ortega (2000) also deals with the issue of immigration in a frictional labour market. He considers a two-country model and shows that both equilibria with and without immigration between the two countries are possible, but the equilibrium with immigration Pareto dominates the other one. Finally, there are two other studies combining immigration and search frictions by Moreno-Galbis and Tritah (2016) and Nanos and Schluter (2014) . In the former paper immigrant workers earn lower wages which leads to higher profits of firms. So they show theoretically and empirically that an inflow of immigrant workers intensifies job creation due to the higher expected profits of firms, which benefits natives and incumbent immigrants. This effect is also present in our study, however, in our model this positive effect is reduced due to the fact that not all matches between firms and immigrant workers lead to employment. Hence an inflow of immigrant workers reduces the job-filling rate for open vacancies and may even lead to lower job creation. We show that this negative effect disappears if hiring chances of native and immigrant workers are equalized. To the best of our knowledge our study is the first one which formalized this effect.
The study by Nanos and Schluter (2014) is also close to our research because it uses empirical data for Germany and estimates a "migrant effect", which is a wage difference between native and migrant workers stemming from the fact that migrant workers receive lower wage offers conditional on the same productivity. This effect is also a part of our model, because worse employment opportunities of immigrant workers lead to lower reservation wages and generate a migrant wage gap. One important advantage of Nanos and Schluer (2014) over our work is that they explicitly allow for on-the-job search in their model, however, it comes along with the assumption that labour markets of immigrant workers are completely separated from those of natives, which is different in our model and allows us to quantify the general equilibrium effects of migrants on native workers.
Next we turn to the characterization of the large literature on the effect of immigration in a competitive labour market framework without frictions. Two early studies by Borjas (1999) and BenGad (2004) consider a setting with homogeneous workers and show that the response of wages strongly depends on the mobility of capital stock. If capital supply is fixed and inelastic, wages will be expected to fall while the return on capital will rise in response to an exogenous increase of labour supply. As a result native workers are penalized by immigration whereas the position of capital owners is improved. Moreover, the gain of capital holders is found to dominate the former wage effect and the overall welfare in the host country is increased (positive immigration surplus). In contrast, the immigration surplus is zero and wages remain unchanged if capital is perfectly mobile and the capital market is competitive. Schmidt, Stilz and Zimmermann (1994) and BenGad (2008) extend this framework to the case of heterogeneous skill groups. Even though both skilled and unskilled wages are generally expected to fall with a skill-balanced immigration, the elasticity of labour demand and the skill direction of immigration are found to be crucial in this setting. Empirical evidence suggests that the demand for skilled labour is less elastic than the demand for unskilled labour. Hence according to these studies the immigration surplus is maximized when the inflow of immigrants is exclusively skilled. To the best of our knowledge Schmidt et al. (1994) is the only immigration study emphasizing the importance of incorporating labour unions and wage bargaining into the model, so they consider a right-to-manage model with a monopoly union, however, it is not calibrated to any specific economy. Altonji and Card (1991) identify one of the positive general equilibrium effects of immigration.
Specifically, in their model immigrants are likely to increase the overall demand for goods and services in the receiving country. This demand effect will tend to increase the overall demand for native labour, thus raising native wages and employment. Among more recent studies this idea is emphasized by Moretti (2010a,b) , who writes that "Every time a local economy generates a new job..., additional jobs might also be created, mainly through increased demand for local goods and services" (multiplier effect). Even though Moretti (2010a,b) doesn't consider immigration he finds that for each additional job in manufacturing, 1.6 jobs are created in the non-tradable sector. Moreover, one additional skilled job in the tradable sector generates 2.5 job in local goods and services. It is a similar multiplier effect in response to immigration that we quantify in our study for Germany.
Recent studies investigating the effect of immigration started with the seminal approach by Borjas (2003) who observed that the rise in the U.S. immigration was not uniformly distributed across education/experience cells. This novel approach was further extended in the research of Manacorda, Manning and Wadsworth (2012) for the United Kingdom and Damuri, Ottaviano, Peri (2010) for Germany. These studies allow for the imperfect substitution of native and immigrant workers and show that the additional inflow of foreign workers to UK and Germany has a large negative effect on wages of the existing immigrants in the country leaving native wages virtually unaffected. This conclusion is supported by Felbermayr, Geis and Kohler (2010) who include the possibility of unemployment into the model and show that a new immigration inflow of workers from the east-ward enlargement of the European Union had a strong positive effect on the unemployment of incumbent foreign workers in Germany. On the contrary, the effect on native employment is very modest. Dustmann and Preston (2012) have criticized the education-experience cell approach by observing that immigrant workers downgrade at arrival, which implies accepting jobs with a lower education/experience requirement than comparable native workers. Hence immigrants may compete with native workers at parts of the skill distribution which is different to where they should be assigned based on their observable characteristics. In response to this critique Dustmann, Frattini and Preston (2013) develop a new estimation strategy and study a continuous effect of immigration on workers situated at different quantiles of the earnings distribution. Their findings suggest that immigration reduced wages of natives below the 20th percentile of the wage distribution in the UK, but slightly increased wages in the upper part of the distribution.
Overall, all of these studies are focused on the effect of immigration on wages rather than (un)employment. Only D' Amuri et al. (2010) and Felbermayr et al. (2010) follow a reduced form approach and assume a negative relation between employment and wages, however, this assumption is not micro-founded and there is no economic mechanism in their model leading to this relationship. This is the primary difference between these studies and our approach.
The outline of the paper is as follows. Section 2 presents notation and the economic environment. Section 3 describes the model, while section 4 presents the calibration of the model to the German labour market. Section 5 contains our main results for the benchmark model. Sections 6 and 7 include extensions, counterfactual evidence and some alternative calibrations.
Finally, section 8 concludes the paper.
Economic environment
There are four demographic groups of workers: low skill immigrants g L I , low skill natives (g L N ), high skill immigrants g H I and high skill natives g H N . The workers have homothetic preferences with a CES utility function and discount future utility flows at rate r. The total labour force is normalized to 1, so we get:
We use the subscript n to denote the origin of the worker {I, N } and the superscript i to indicate the skill level of the worker {L, H}. Every worker belongs to one of the two production sectors: (1) manufacturing or (2) services. Subscript j corresponds to the production sector {1, 2}, so that g i jn is the number of workers with origin n, skill level i belonging to the production sector j. With this notation we have:
We assume that skills are specific to a given sector and not transferable, thus it is not possible for workers to change the sector. Every worker can be employed in a firm, unemployed or self-employed, so that: g i jn = e i jn + u i jn + s i jn , where e i jn is the number of employed workers, u i jn -the number of unemployed workers and s i jn -the number of self-employed workers in a given origin-skill-sector group. There is a possibility of self-employment or entrepreneurship for both immigrant and native workers of any skill type.
However, we are agnostic about the reasons for self-employment since it is not clear ex-ante whether push or pull factors are dominating for different demographic groups. Thus in our model transitions into self-employment take place at an exogenous arrival rate α i jn . Note that we allow this rate to be heterogeneous across worker groups, this way we try to capture possible differences in the regulation and access to self-employment, e.g. mandatory licenses, in different occupations. At rate γ self-employed workers are not successful in their business and return to the unemployment pool.
There are four labour markets in the economy depending on the production sector and the skill level of workers. Let v i j denote the number of vacancies in each of these markets. Both native and immigrant workers are applying to the same vacancies in a given labour market. The unemployed workers are matched with vacancies through a matching function given by m(u i j , v i j ), where u i j is the total number of searching native and immigrant workers:
The matching function is homogeneous of degree 1, concave and increasing in both its arguments.
Later we shall discuss the specific form we use for our empirical analysis. The rate at which a worker is matched with a vacant position in a specific labour market is m(
, where θ i j = v i j /u i j reflects the tightness of the labour market for skill group i in sector j. Even though the probability of matching with vacancies λ(θ i j ) is identical for native and immigrant workers, their hiring chances are not. This difference is captured by an additional parameter h i jI ≤ h i jN = 1, which is specific to the given labour market and reflects a lower hiring probability for immigrant workers compared to natives. Intuitively, it captures a lower language proficiency of immigrant workers and hiring discrimination by firms 4 . Note that h i jN = 1 for all sub-markets. Thus the job-finding rate for immigrant workers becomes h i jI λ(θ i j ) ≤ λ(θ i j ). Next the rate at which a firm fills a vacant position is m(u i j , v i j )/v i j = q(θ i j ). Thus q(θ i j ) is the probability of filling a vacancy. Again this rate is lower and equal to h i j q(θ i j ) if the firm is matched with an immigrant worker. Since the matching function is increasing in both arguments we have: λ ′ (θ i j ) > 0 while q ′ (θ i j ) < 0. Every job can be destroyed at rate δ due to some adverse exogenous shock. We assume that this rate is identical for all worker groups.
In terms of production we follow the approach of Acemoglu (2001) and assume that workers with different skills produce different intermediate goods which are used in the production of the final good in each of the two production sectors. The total input of low skilled intermediate goods
as it is produced by low skilled workers in paid employment and self-employed agents who can be native or immigrant. Even though we assume perfect substitution between native and immigrant workers (infinite elasticity of substitution), we do allow for differences in the effective productivity of these groups reflected in parameters ψ i jn for paid workers and ϕ i jn for the self-employed. This assumption is motivated by the findings in empirical studies, reporting finite but large elasticities of substitution between native and immigrant workers in the range between 20 and 30 5 . The total input of high skill 4 See Constant, Shachmurove and Zimmermann (2005) , Constant and Zimmermann (2006) , Kaas and Manger (2012) , Constant and Rinne (2013) for hiring discrimination between natives and immigrants in Germany.
5 See the debate in Ottaviano and Peri (2012) intermediate goods in sector j is equal to
The total output Y j of the final good in sector j = 1, 2 is then given by the CES technology:
where ρ is the elasticity of substitution between high and low skill labour. In the limiting case when ρ → 1, this production function converges to the Cobb-Douglas technology with the power parameter χ j . Intermediate goods are sold in a competitive market, thus intermediate goods producers are paid the marginal productivity of their goods, that is p j y i jn , where p j is the price per unit of the final good and y i jn = ∂Y j /∂e i jn . In a similar way the output of self-employed entrepreneurs is given by p j ν i jn , where ν i jn = ∂Y j /∂s i jn . Intermediate goods producers can open vacancies in each of the four labour markets with the corresponding up-front cost K i j per vacancy. Intuitively, this corresponds to the cost of capital and equipment necessary for the production. Afterwards, when the position is filled, there are no other costs than gross wages w i jn . In the equilibrium, the number of vacancies v i j is determined at the point where the present value of expected profits is equal to the entry cost
We assume that self-employed operating in the same labour market are not able to pay the full cost of equipment, so their capital is rented. Thus self-employed entrepreneurs are incurring a flow cost of capital rK i jn . The principle advantage of being self-employed is the possibility to avoid the cost of labour as self-employed entrepreneurs are not hiring further workers. Finally, unemployed workers receive benefits b i jn which are financed from the public budget. The positive surplus of the budget remaining after the unemployment benefits are paid out is distributed as a lump-sum payment T to all agents (employed, unemployed and self-employed).
Let t denote the income tax, so that paid workers receive the flow income w i jn (1 − t) from their employers and T from the public budget. Further, let π i jn denote the flow profits of selfemployed. These profits are classified as income for the purpose of taxation, so the net income of self-employed is then π i jn (1 − t) + T . Unemployment benefits are not taxed. Given the total disposable income workers maximize their utility Ω(c 1 , c 2 ) by choosing the optimal consumption bundle (c 1 , c 2 ) subject to the budget constraint. Finally, we assume that manufactured goods are traded on international markets and their price p 1 is fixed. On the contrary, service sector is non-tradable, and it's price is endogenous in the model. In the equilibrium p 2 is determined at the point where the aggregate demand for services is equal to the aggregate supply of services.
The Model
As discussed in the preceding section, variables p j y i jn and p j ν i jn represent the nominal marginal productivity of a worker in a given origin-skill-sector group and they are equal to the price of the respective intermediate good. Given the CES production technology, the marginal productivities y L jI and y H jI can be found as:
All the remaining marginal productivities can be found as functions of y L jI or y H jI : The marginal products of different worker groups are then given by:
Demand Side of the Economy
The pool of consumers is given by employees, unemployed agents and the self-employed. There is no possibility of saving income or transferring it over time. Let M i jn denote the net disposable income of a given consumer which can be w i jn (1 − t) + T , π i jn (1 − t) + T or b i jn + T depending on the labour market status of a given worker. The CES utility function Ω(c 1 , c 2 ) is given by:
where c 1 is consumption of good 1 (manufactured good) and c 2 is consumption of good 2 (services). Moreover, a 1 + a 2 = 1 and σ > 0 is the elasticity of substitution between the two goods.
If σ → ∞ the two goods are perfect substitutes, in contrast, when σ → 0, the two goods are perfect complements. Note that there are no other differences among consumers apart from their income. The utility maximization problem determines the quantity of goods demanded:
The utility maximization problem gives us the following solution:
It is straightforward to see that consumption c j (p 1 , p 2 , M i jn ) is increasing in the income M i jn but decreasing in its price p j .
The aggregate income in the economy is equal to p 1 Y 1 +p 2 Y 2 and it can be used for consumption of manufactured goods or services. Thus we get the following aggregate demand equation for services:
where the left-hand side is the aggregate demand for services and the right-hand side is the output. Since the price p 1 is fixed, we can see that a higher output of good 2 (services) has a negative effect on the price of services p 2 . However, there is an opposite effect of output Y 1 . This is because higher production of manufactured goods implies higher income of workers in manufacturing and higher demand for services.
In addition, note that the indirect utility of consumers
Here P is the aggregate price index and it is increasing in each of the prices p 1 and p 2 . Thus higher prices are associated with lower consumers' utility Ω(p 1 , p 2 , M i jn ).
Present value equations
Let V i j be the present value of an open vacancy for firms operating in submarket i, j. Further, J i jN -is the present value of profits associated with hiring a native worker in this submarket. In a similar way, let J i jI be the present value of profits associated with hiring an immigrant worker. The present value of a given vacancy is then given by:
where u i jI /u i j is a probability that the firm will be matched with an unemployed immigrant worker and u i jN /u i j is a probability that the firm will be matched with an unemployed native worker, since u i j = u i jI + u i jN . Also note that h i jI ≤ 1 is the probability of hiring conditional on a match for the immigrant worker in submarket i, j, while h i jN = 1. The present value of a filled job is given by the following equation
where p j y i jn is the value of output produced by the worker, w i jn is the nominal gross wage reflecting the cost of labour. In addition, at rate δ the job can be destroyed. Alternatively, at rate α i jn the worker quits the job and enters the state of self-employment. The net present value of profits J i jn − V i j is then expressed as:
Recall that firms have to pay an up-front cost K i j of capital and equipment for entering the submarket i, j. Due to the free-entry, in the equilibrium we have that K i j = V i j , which is equivalent to:
The present value of unemployment for immigrants is given by the following equation
where
is the probability of being matched and hired by the firm. W i jn − U i jn is the rent associated with the job and E i jn − U i jn is the rent associated with entering self-employment at rate α i jn . Note that this equation is indirectly based on the assumption that unemployed workers search for jobs in their primary production sector and do not switch the sector. Even though this assumption is restrictive, it is supported by our empirical findings of relatively low cross-sectional labour mobility in Germany presented in a later section of this paper. Moreover, other studies such as Nanos and Schluter (2014) also report evidence on strong occupational immobility in Germany.
The present value of paid-employment is given by the following equation
where the last term is again the rent from becoming self-employed. Note that this possibility is available in both states: employment and unemployment. Moreover, value changes [
are not restricted to be positive or negative. Rather we let empirical data reveal which worker groups gain by entering self-employment because the pool factors are dominating or lose value because of the dominating push factors. Some real life examples of the former case include situations when workers with innovative entrepreneurial ideas obtain funding for establishing a new start-up, which is the case of self-employment out of opportunity. Whereas examples of the latter case include cases when temporary contracts of employees or regular unemployment benefits of the unemployed expire, which leads to the self-employment out of necessity. The worker's rent from having a job can then be expressed as:
The present value of self-employment is given by the following equation
where π i jn = p j ν i jn − rK i j is the nominal profit/income of self-employed workers and γ is the rate at which their business turns unsuccessful. Note that rK i j is the cost of renting capital for self-employed agents and ν i jn is their productivity in terms of production units, so that p j ν i jn is the nominal value of output.
Finally, we can write down the government budget constraint:
where the first term on the left-hand side is the total revenue from income taxes. The second term corresponds to the total expenditures on unemployment benefits, while T is the remaining budget surplus which is distributed as a lump-sum payment to all economic agents. Recall that the total population size is normalized to 1.
Steady state values of unemployment and self-employment
Changes in the stocks of employed, unemployed and self-employed workers are given by:
where g i jn = u i jn + e i jn + s i jn . Each of these equations implies that the change in the stock of workers in a given state is given by the inflow minus the outflow of workers from this state.
The focus of our research is on the steady state distribution, that isu i jn = 0 andṡ i jn = 0 which implies the following steady state distribution of workers across states:
These equations show, for example, that a higher job-finding rate h i jn λ(θ i j ) is associated with a lower unemployment rate u i jn /g i jn .
Wage determination through Nash Bargaining
Once matched, workers and firms bargain over the wage, where the net gain of the worker is given by W i jn − U i jn and the net gain of the firm is J i jn − V i j . Let the bargaining power of workers in submarket i, j be given by β i j . So the bargaining problem is given by:
Thus we get the following first order condition:
where we have inserted the flow value of unemployment rU i jn . Note that the option to become self-employed doesn't influence the outcome of bargaining since the possibility to become selfemployed is not lost after entering paid employment. In a similar way, lump-sum transfers T are not distortive as all individuals are eligible for receiving these transfers from the budget in every labour market state. Taking this into account, we get the the following equilibrium wage
This equation shows that the wage is a weighted average between the net productivity p j y i jn −rV i j and the gross unemployment benefit b i n /(1 − t). Recall, that in the equilibrium with free-entry we have that K i j = V i j , so that higher start-up costs increase the required present value of an 6 See appendix A for proof open vacancy V i j . However, this is only possible if the present value of profits is higher, which can be achieved with a lower wage.
The impact of immigration on job creation
In this subsection we explain the channels through which additional immigration influences the economy in our model. Specifically, our attention is dedicated to the reaction of the market tightness θ i j in response to the rise in immigration g i jI . Existing search and matching models 7 emphasize the point that immigrant workers are less likely to be eligible for unemployment benefits, which weakens their bargaining position as compared to natives and leads to lower wages. Thus an inflow of new immigrant workers reduces the average wage in the host country and has a positive effect on job creation (market tightness). This effect is also present in our model. To see this consider a simplified version of the model with α i jN = α i jI = α i j , that is the probability of becoming self-employed is the same for native and immigrant workers. The job-creation condition (10) can then be written as:
In a hypothetical situation when native and immigrant workers are hired with the same probability, that is h i jI = 1, the probability for a firm to be matched with an immigrant worker u i jI /u i j is equal to the population fraction of immigrants g i jI /(g i jN + g i jI ). In this situation the response of the market tightness θ i j to higher g i jI solely depends on the amount of firm profits generated by native and immigrant workers: p j y i jN − w i jN vs. p j y i jI − w i jI . For example, Moreno-Galbis and Tritah (2016) show that higher immigration has a positive effect on the market-tightness θ i j if immigrants are equally productive as natives but receive lower wages: (p j y i jN − w i jN < p j y i jI − w i jI ). Note however that this result strongly depends on the assumption of equal employment opportunities between natives and immigrants. To see this consider the case h i jI < 1 and let for simplicity p j y i jN − w i jN = p j y i jI − w i jI = Π. The free-entry condition then becomes:
The right-hand side of this equation represents the expected present value of profits after the match with the applicant, let it be denotedJ(θ i j , g i jI ). It is a decreasing function of θ i j . This is because the unemployment rate of native workers is more sensitive to changes in the market tightness. Thus the unemployment rate of native workers falls stronger in response to a higher θ i j than the unemployment rate of immigrant workers. This means that firms are more likely to be matched with immigrant workers if θ i j is relatively high (formally Figure 1 shows the equilibrium value of the market tightness obtained at the intersection between the decreasing expected profit curve and the increasing expected cost curve. Next consider the implications of an immigration inflow, that is a higher g i jI . Given a higher absolute number of immigrant workers, firms are even more likely to be matched with an immigrant than before, which has a negative effect on expected profitsJ(θ i j , g i jI ) because a lower number of actual matches ends up in employment. If expected profits of firms fall then firms open less vacancies per unemployed worker (lower θ i j ), which hurts employment prospects of all worker groups. Note that we consider a hypothetical case when native and immigrant workers generate the same profits Π, thus lower employment chances of immigrants can only stem from
The impact of g i jI on θ i j for identical profits from native and immigrant workers
To sum up, this section shows that an immigration inflow is likely to have a positive effect on natives' employment chances if profits generated by immigrant workers are higher than firms' profits associated with native workers (for example, due to lower wages of immigrant workers).
On the other hand, this effect can be reversed if both worker groups generate equal profits, but immigrant workers suffer from hiring discrimination. Thus this subsection shows that hiring discrimination is likely to reduce the positive impact of immigration on native workers. To the best of our knowledge this is a new effect which was not identified in the previous search and matching literature on immigration. In the next sections we continue our analysis in a quantitative framework and allow for the endogenous responses of prices p j and productivities y i jn which were assumed fixed throughout this subsection. Table 26 in the appendix gives the basic profile of the sample we use for our analysis. We have a sample of 11075 workers. These are the workers who are actively participating in the German labor market either as paid workers, self-employed or registered unemployed. Retired people and non-participants are excluded from our sample. There are 9854 native and 1221 immigrant workers, which corresponds to the immigration rate equal to 11%. We use a broad definition of immigration which includes foreign citizens and those, who changed their citizenship for the German one at some point in their life. Exact definitions of all variables are presented in the appendix. High skill workers are defined as those who completed more than 12 years of schooling, which includes individuals with university and college degrees. In our sample, 28% of immigrants and 39% of natives are high skilled, which shows that there is a larger proportion of low skilled among immigrant workers compared to natives. The fraction of self-employed is equal to 10.8%.
Calibration
The unemployment rate in our sample is equal to 10.7%, which is somewhat higher than the official level of 7.8%. This is probably due to the fact that we have excluded workers in community services, marginally employed, those with zero working hours and workers on vocational training from the sample. The unemployment rate of immigrant workers is higher than the average and equal to 16.3%. This number is close to the official statistics in 2008, according to which the unemployment rate of foreign workers in Germany was equal to 18.1% 9
Even though both unemployment rates decreased over the last years the unemployment rate of immigrant workers (14.6%) remains more than two times higher than the average unemployment rate (6.4%) in 2015.
Sector 1 includes such industries as agriculture, energy, mining, manufacturing, construction and trade, whereas Sector 2 includes transportation, banking, insurance and other services.
47% of workers in our sample are assigned to Sector 1 versus 53% of workers in Sector 2.
75% of workers in Sector 1 are low skilled, while only 50% are low skilled in Sector 2, which reflects the fact that mining, manufacturing and construction are low skill intensive sectors, while service occupations are balanced in terms of skills. of employees have changed their sector. Even though these numbers are not negligible they are small and indicate low cross-sectional mobility of German workers. So this evidence justifies to some extent our simplifying assumption that unemployed workers search for jobs in the same production sector as their prior employment.
Transition rates
In this subsection we identify a vector of parameters: {r, γ, δ, α i jn h i jI , η, λ 0 }. First, we set the annual discount rate equal to 4%, which means r = 0.01 on quarterly basis. The average job duration for employed workers is equal to 12.25 years or 49 quarters 10 . There is no significant difference for the self-employed. Thus we set δ = γ = 1/49 ≈ 0.02. With these estimates we can calculate the values for α i jn , λ(θ i j ) and h i jI based on equations (15). Tables 1 and 2 give the summary of the results for Manufacturing (sector 1) and Services (sector 2) respectively.
Low skill workers g L 1 /g 1 = 0.7504 High skill workers g H 1 /g 1 = 0.2496
Variable Target Parameter value Variable Target Parameter value Table 1 : Calibration of labour turnover rates in sector 1:
We can see that self-employment is more frequent for high skill workers, especially, in services.
High skill natives in services are most likely to become self-employed (s H 2N /g H 2N = 0.2039), whereas low skill immigrants in services are least likely to become self-employed (s L 2I /g L 2I = 0.0324). The job-finding rate is lower in the low skill submarket compared to the high skill submarket, which is intuitive since education typically improves the chances of finding a job.
Concerning employment chances of immigrant workers, we find that the hiring probability in the low skill segment (h L 1I = 0.9120) is relatively close to 1, which is the normalized value for native workers. But the situation is different in the high skill submarket, where the employment chances of immigrant workers are almost three times worse (h H 1I = 0.3157) than the employment chances of native workers. The situation is even worse in sector 2, where h H 2I = 0.2518 indicating that immigrant workers are about four times less likely to be hired compared to native workers.
Intuitively, this could be due to the larger importance of language skills in high skill jobs, more uncertainty about the quality of foreign education and/or stronger hiring discrimination.
The next step includes estimation of the matching function m(u i j , v i j ). We assume a Cobb- Table 2 : Calibration of labour turnover rates in sector 2: g 2 = 0.53, δ = γ = 0.02 Douglas form for the matching function given as follows:
and since q(
we need the values of q(θ i j )and θ i j to carry out our calibration. These values are later used to determine parameters λ 0 and η. 
Given data on unemployment rates and estimated market tightness values we can also uncover the underlying values of vacancies per worker v i j /g i j in every submarket. This data is summarized in the following table: This table shows that market tightness values for low skill workers are similar in the two production sectors, but there are large sectoral differences faced by high skill workers, with the market tightness in services being more than three times larger (0.8512 > 0.2501).
Wages and productivities
In this subsection we estimate a vector of parameters {β i j , K i j , b i jn , t}. In order to do so we run the following regression on our sample data to get the wage relationships of different groups of paid-workers.
where H is the dummy for higher education, N for native, M for sector 1 and ε is the error term. The reference group includes low skill immigrant workers employed in services (sector 2) and earning a wage w L 2I . Remember this regression excludes the self-employed workers. We use the coefficients obtained from this regression and get the following relations
We run a similar regression to estimate the flow of income among self-employed workers of different skills and origins.
We have the following relations from the above regression: Nanos and Schluter (2014) and 0.23 in Dustmann et al. (2010) ). In addition, workers employed in manufacturing earn 32% more compared to service workers. Not surprising, these numbers are smaller when we control for individual heterogeneity of workers.
For example, the sector of production (parameter φ 4 ) turns insignificant after we control for the worker's gender. This is because male workers are overrepresented in manufacturing jobs (66%) and underrepresented in service jobs (only 42%). Thus our results indicate that there are no significant wage differences between workers with identical characteristics (e.g. two men or two women) employed in manufacturing and services, but because of the gender wage gap (48%) 11 and due to the strong selection of male workers into manufacturing jobs and female workers into service jobs there are large wage differences between the two sectors (32%). Given that the purpose of our calibration is to capture average wage differences between worker groups and production sectors rather than wage differences between observationally identical workers in these sectors, in the following we use estimatesφ andκ for our calibration.
Having obtained information on wages, we aim to uncover the underlying productivities of workers p j y i jn . To do this we make use of the aggregate data on wages and GDP for Germany in the year 2008 12 . This data implies that the ratio between the average gross wage and GDP in manufacturing is equal to 0.4894 whereas in services it is lower and equal to 0.3913. This implies the following:
To estimate the remaining parameters β i j and rK i j we need data on the tax rate and the unemployment replacement rate in Germany. The average gross wage in our sample is equal to 2505 EUR, whereas the net wage after taxes and social contributions is equal to 1619 EUR. Hence we set t = 1 − 1619/2505 = 0.35 for all submarkets. Furthermore, we choose the net unemployment benefit replacement rate equal to 0.445, so that b i jn = 0.445w i jn (1 − t) 13 . Consider submarket i, j. In every submarket we have two equations for wages of immigrant and native workers given by (16), one ratio between the average wage and the GDP given above (depending on the sector and skill level of the submarket) and one free-entry condition. With these four equations we can calibrate the two parameters β i j and K i j in every submarket and two endogenous variables p j y i jI and p j y i jN . We normalize the marginal product of low-skilled immigrant workers in services to 1, that is p 2 y L 2I = 1. The values of parameters β i j and K i j are given in the following Having estimated these parameters we can find values of productivities for paid workers p j y i jn , gross wages w i jn and gross income of the self-employed agents p j π i jn :
11 The estimate of the gender wage gap is rather large in our regression due to the fact we combined full-and part-time employees into one group for the purpose of calibration. Given that relatively many female workers are part-time employed, the gender wage gap gets smaller but remains large and significant if we condition on full-time employees.
12 The data source is DESTATIS, Statistisches Table 6 : Estimated values of endogenous variables p j y i jn , w i jn , p j π i jn .
From the Nash bargaining solution we get the following equation for wages:
From this equation one can see that β i j is the relative weight on the net marginal productivity (1 − t)(p j y i jn − rV i j ), while 1 − β i j is a weight on the reservation wage of the worker P (rU i jn − α i jn (E i jn − U i jn )) with the main component given by rU i jn . We find that β i j is relatively high for low skill workers (see table 5), but it is low for high skill workers. Intuitively, this means that outside opportunities are relatively unimportant for wages of low skill workers, but are relevant for wages of the high skilled. So far there is little empirical evidence on the skill-specific bargaining power. One exception is a study by Cahuc, Postel-Vinay and Robin (2006), who find no significant power for intermediate and low skill workers and modestly positive bargaining power for high skill workers in France. So there seem to be a contradiction between this study and our findings. To reconcile our findings we want to note the following. Even though it is intuitive to think that high skill workers possess more individual bargaining power than low skill workers, one can not neglect the fact that low skill workers are more frequently represented by trade unions, especially in Germany. So our results rather indicate the fact that collective bargaining power is larger for low skill workers and so their wages are relatively close to their marginal productivities, while individual outside opportunities are less important for low skill workers. With respect to manufacturing one can even say that search frictions are irrelevant for wages of low skill workers and can be well approximated by their marginal productivities.
On the contrary, high skill workers have lower collective bargaining power since their jobs are less unionized, but they possess over moderate individual bargaining power, so that outside opportunities in terms of finding jobs are stronger reflected in their wages.
Production function and preference parameters
As a benchmark production function we first consider the limiting case ρ → 1, so the aggregate production function takes the Cobb-Douglas form:
A more general case with ρ > 1 is treated further in section 7. Let Γ j be the ratio between the high skill intermediate input and the low skilled, that is:
The marginal products of different worker groups are then given by:
In this subsection we aim to estimate a vector of remaining parameters {χ j , ϕ i jn , ψ i jN , a 1 , σ}. We start by obtaining parameters of the production function. This goal can be achieved by using equations (24)- (26) for the marginal productivities of paid workers p j y i jn and self-employed agents p j v i jn . Recall that self-employed workers pay the flow cost rK i j depending on the submarket. Thus their gross income (before taxes) can be written as π i jn = p j ν i jn − rK i j , which allows us to find their marginal productivity p j ν i jn . Then we can solve the system of 16 equations (24)- (26) Based on the estimated parameters of the production function and the numbers of employed workers we can find the model-implied fraction of services in the total GDP (p 2 Y 2 /(p 1 Y 1 +p 2 Y 2 )), which is equal to 0.5949. The elasticity of substitution between manufactured goods and services σ we set equal to 0.3 as in Pissarides and Ngai (2004) . With these parameters and the aggregate equilibrium condition C 2 = Y 2 we get:
Finally, we find that the lump-sum transfer from the budget, guaranteeing a balanced budget constraint, is equal to T = 0.1387. Table 29 in the appendix contains a full list of all parameter values that we use in the calibration and their explanations.
Results

Immigration inflow
In this section we analyze the effect of recent immigration on the German labour market. In terms of skills we will consider two scenarios -low skill immigration and a skill-neutral inflow of immigrants. There are two reasons why we use these two scenarios. On the one hand, reliable data on the skill composition of recent immigrants and refugees in Germany is not available yet. On the other hand, many high skill immigrants are downgraded upon arrival and apply for low skill jobs. Given this evidence (see Dustmann et al. (2013) ) our two scenarios serve as a lower and an upper bound on the real effect of immigration. In both scenarios the total increase in the number of immigrant workers is set at 20%. Given that the absolute number of immigrant workers is 1221 in our sample, in each of the two scenarios we add 244 immigrant workers to the market. In the first scenario we perform a sector-neutral increase in immigration and consider the situation when all new immigrant workers are low skilled. On the contrary, in the second scenario we perform a 20% increase in immigration which is sector-and skillneutral. For every scenario, we will decompose the total effect on wages and unemployment in the following way:
German citizenship from birth are classified as natives in our sample even if their parents had other nationality but they are classified as individuals with immigration background in the official statistics. 15 DESTATIS, Pressemitteilung Nr. 105 vom 21.03.2016
• The effect of labour supply {u|y, v, p}. In this step we keep constant all productivities y i jn , vacancies v i j , prices p j and the lump-sum transfer T . Thus the only effect of immigration on unemployment in this step is due to the rise in the number of searching workers.
Thus we can evaluate, what will be the rise in unemployment of incumbent workers if they are facing more competition in searching for jobs. If we increase the number of immigrants with a skill level i, then by construction there is no effect on workers of the opposite skill level at this step. But it is likely to worsen the outside opportunities of unemployed workers with a skill level i. So we expect a negative effect on their wages.
• The effect of productivity {u, y|v, p}. In this step we allow for a change in the marginal productivities of workers y i jn , as well as wages and unemployment but we keep constant vacancies v i j , prices p j and the lump-sum transfer T . We expect that a larger number of workers with skill level i will reduce the marginal productivity of incumbent workers with this skill level and increase the marginal productivity of workers with the opposite skill level. Changes in productivities are translated into changes in wages. However, by construction, there is no additional effect on unemployment at this step since the number of vacancies remains unchanged.
• The effect of labour demand {u, y, v|p}. At this step we allow for endogenous vacancies v i j , productivities y i jn , wages and unemployment rates but we keep constant output prices p j and the lump-sum transfer T . Consider a change in the number of type i immigrants.
On the one hand, if there is an increase in the number of workers, hiring becomes easier for firms, which should lead to more vacancies. This is an outward shift of the Beveridge curve. On the other hand, if employee's productivity is falling due to immigration, this will have a negative effect on profits, the number of vacancies and the market tightness.
In addition, there can be a positive spill-over from the labour market for workers of the opposite skill level since their productivity is predicted to rise. So the overall effect on the market tightness for type i workers is ambiguous.
• Aggregate supply and demand {u, y, v, p}. The only variable which remains fixed at this step is the lump-sum transfer from the budget T . All other variables change endogenously in response to an inflow of immigrant workers. On the one hand, many of the immigrant workers will find jobs which is associated with a rise in total output supply.
However, this change is unlikely to be symmetric between the two sectors as low skill workers are a dominant production factor in manufacturing, whereas high skill workers are relatively more important in services. On the other hand, immigrant workers will have a positive effect on the demand of both goods, which should have a positive effect on the endogenous price p 2 .
Welfare calculation
Next we calculate welfare changes associated with a new wave of immigrants. Let Σ i jn denote welfare of a person i, n in sector j. Each of the individuals can be either employed (with probability e i jn /g i jn ), unemployed (with probability u i jn /g i jn ) or self-employed (with probability s i jn /g i jn . The corresponding utilities are then [
Hence the average welfare can be written as:
To measure aggregate welfare effects of immigration we define two new variables Σ andΣ.
Σ refers to ex-post welfare of a new representative worker based on the new distributiong i jn . WhereasΣ refers to ex-post welfare of a representative incumbent worker keeping the distribution of workers across demographic groups g i jn fixed. Given these definitions we get:
If Σ 0 denotes ex-ante welfare of a representative worker before the new wave of immigration, then the change in welfare can be calculated as (Σ − Σ 0 )/Σ 0 for the new representative worker and (Σ − Σ 0 )/Σ 0 for the representative incumbent worker. Note that these percentage changes in welfare are identical to the equivalent variation (EV ) measure expressed as a percentage of ex-ante income. This is because indirect utility can be expressed as real income, so that:
where M 0i jn /P 0 is the expected real income of worker {i, j, n} before the change and M 1i jn /P 1 is the expected real income of this worker after the change.
Next we calculate the welfare of firms in every submarket i, j. Here we follow the approach of Acemoglu and Shimer (1999) The first term in the above equation is a total number of hired native workers (per period)
multiplied by the present value of profits generated by these workers. The second term is a total number of hired immigrant workers (per period) multiplied with their present value of profits.
Note that each of the two present values includes the capital cost −rK i j . This is intuitive, since in our model firms pay an upfront cost K i j upon the entry, but this is equivalent to paying a flow cost −rK i j in every period of time and in all states. Thus the flow cost −rK i j is paid by filled jobs and open vacancies, which is the last term in the above expression. Rearranging this expression we get:
The free-entry condition (10) implies that firms enter submarket {i, j} as long as expected profits V i j are higher than the cost K i j , thus in the equilibrium the welfare of firms producing intermediate goods is equal to zero. Finally, note that the profits of final goods producers are also zero, because they pay the marginal product for all intermediate goods.
First scenario: low skill immigration
In this subsection we analyze the implications of a 20% rise in immigration, where all 244 new immigrant workers are low skilled. To keep the rise in immigration sector-neutral we add 163 workers to the manufacturing sector and 81 workers to services, so the ratio remains (585 + 163)/(293 + 81) ≈ 2. We conduct our analysis according to the aforementioned steps.
• In this step we analyze the implications of a change in labour supply, that is {u|y, v, p}.
The corresponding rows of table 9 show that there is a moderate rise in unemployment of low skill workers since they are facing more competition for a fixed number of vacancies.
Immigrant low skill workers suffer a stronger increase in unemployment than native workers especially in services, where the unemployment of low skill immigrant workers in increasing from 20.73% to 21.47%. As expected worse outside opportunities are translated into lower wages of low skill workers, but the effect is negligibly small. This is due to the high bargaining power of low skill workers, which implies a much higher weight on the marginal productivity rather than outside options.
• In this step we estimate the response of productivities, that is {u, y|v, p}. First, note that there is no direct effect on unemployment since vacancies are still fixed and the change in labour supply was already accounted for. As expected, low skill immigration leads to lower productivity of low skill workers and a higher productivity of high skill workers. These changes are translated into wages. Specifically, we find that high skill natives employed in manufacturing gain most from low skill immigration at this step. Their wages are expected to rise by 0.0266, which is approximately 4.6%.
• In the next step we allow for an endogenous response in vacancies, that is {u, y, v|p}. Due to the higher productivity of high skill workers, firms expect higher profits and create more vacancies, this is the job-creation effect of immigration. So the unemployment of high skill workers falls, for example, the unemployment rate of high skill immigrants in manufacturing is reduced from 18.56% down to 17.85%. Due to this effect, there is also a positive spillover to the labour market for low skill workers: since there are more employed high skill workers, the drop in the productivity of the low skilled is less pronounced. So both worker types gain from a more intensive job-creation in the high skill sub-market. For example, the rise in the unemployment rate of low skill immigrant workers in manufacturing is reduced from +0.0060 in the first step down to only +0.0030 with the positive effect of job creation. The effects on wages are rather small.
• In this step we analyze the implications of aggregate supply and demand in services, that is {u, y, v, p}. On the one hand, a higher absolute number of employees leads to more output in both production sectors. But at the same time, there is more internal demand for services since low skill workers are the majority group and their wages rise in response to the high skill immigration. Taking both effects together we find that the price p 2 is increasing up to the level 2.5541. This means that the rise in total income is stronger than the rise in service-output. Higher price p 2 implies higher nominal productivity of workers, which amplifies the positive job creation effect from the previous step. Unemployment of all worker groups employed in services is falling compared to the pre-immigration level and their nominal wages are increasing.
Finally, we also look at the profits of self-employed workers in response to a rise in p 2 . As expected the profits of self-employed workers in services rise with natives benefiting more than the immigrants. In manufacturing on the other hand low-skilled workers lose profits with immigrants losing about 1.9% while natives losing about 2% of their profits. High skilled workers in manufacturing seem to be gaining profits at this stage. The reason is the fact that it is mainly the low skilled workers in manufacturing who's productivity is negatively affected by the influx of low-skilled immigrants. In services the rise in price and demand makes up for the drop in productivity but in manufacturing the price is determined on the international markets and remains unchanged, so the low-skilled workers observe a decline in profits. Table 9 : First scenario: low skill immigration. This table shows absolute changes of endogenous variables with the initial levels of each variable given in the first row.
The last rows of table 9 show changes in Σ i jn for all demographic groups. Low skill workers in manufacturing lose welfare, since their unemployment rates are higher and their nominal wages fall. In addition, higher price p 2 reduces their level of consumption. Specifically, the drop in welfare of low skill workers is equal to 3.6 − 3.7%. All other demographic groups are gaining from low skill immigration, even low skill workers employed in services because their income is positively affected by the price p 2 . Based on the equations from section 5.2, we find that the welfare rise of a representative incumbent worker is equal to 1.13% (see table 25 ). However, taking into account that the share of low skill workers is increased after the change, the welfare rise of a representative new worker is equal to 0.84%. However, these numbers are not the final estimates of welfare. Indeed, there is a public surplus associated with higher wages of high skill workers and their tax contributions. In order to balance the new public budget, we increase the lump-sum transfer T up to the level 0.1467. This leads to higher welfare of all demographic groups, so the average rise in welfare of incumbents is increased to 2.89% and the average welfare of a new representative worker is equal to 2.60%. This information is summarized below:
Table 10: Changes in aggregate welfare, first scenario: low skill immigration
Second scenario: Skill-neutral immigration
In this subsection we analyze the implications of a skill-neutral and a sector-neutral rise in immigration. Thus we add 117 low skill immigrant workers to manufacturing, 29 high skill immigrant workers to manufacturing, 58 low skill immigrant workers to services and 40 high skill immigrant workers to services. The total rise in immigration is equal to 244 new workers which guarantees the same distribution of immigrants across the four demographic groups. Table   10 shows the results for this experiment.
• First we analyze the response of the labour market to a labour supply shock {u|y, v, p}. An increase in labour supply leads to higher unemployment and lower wages for all workers as • Now we look at the response of productivities, {u, y|v, p}. We find that productivities of low skill workers fall, whereas the productivities of high skill workers increase, both effects being stronger in manufacturing, due to the fact that high skill workers are scarce in manufacturing. This implies that wages of low skill workers fall further. Concerning high skill workers, the drop in wages of high skill workers in services is mitigated, but the first effect of higher labour supply is still dominating at this step. The situation is different for high skill workers in manufacturing, whose rise in productivity dominates the negative effect of labour supply, so their wages rise. High skill native workers in manufacturing gain the most as their wage increases by 0.0074 (+1.3%) while low skilled immigrant workers in this sector lose the most in terms of wages as their wage falls by 0.0031 (−0.72%). Again since we keep the number of vacancies fixed, no direct effect on unemployment is observed at this stage.
• Next we analyze the situation with an endogenous response of vacancies {u, y, v|p}. As explained in the previous step, the productivity of high skill workers rises, which stimulates job-creation for high skill workers, especially in manufacturing. This leads to higher wages of high skill workers, moreover, the initial rise in their unemployment is almost completely neutralized at this step. At the same time, higher employment of high skill workers raises the productivity of low skill workers, so their productivity almost returns to the pre-immigration level. Thus the rise in unemployment of the low-skilled associated with larger labour supply is also almost neutralized at this step by the endogenous response in vacancies.
• Next we investigate the consequences of a price change in services {u, y, v, p}. Job-creation leads to higher output but at the same time higher demand is also observed as the number of consumers increases due to higher number of immigrants in the economy. The higher demand clearly dominates the higher output effect and leads to an increase in the price p 2 . The new price in services is p 2 = 2.5166 which is about 2.5% higher than the preimmigration level. A higher price implies a higher nominal productivity of workers in services and this is also reflected in the wages and unemployment of workers in this sector.
The wages in this sector rise while unemployment is falling.
The profits of all self-employed workers rise at this stage except low skilled workers in manufacturing. Self-employed workers in services gain from the rise in the price p 2 , which increases the profits. But in manufacturing the decline in the marginal productivity of low skill workers reduces their profits from self-employment. Table 11 : Sector-specific variables, second scenario: skill-neutral immigration Finally, we consider welfare changes with the unbalanced budget (that is, T = 0.1388 which is the pre-immigration level). We observe that workers in services gain from skill-neutral immigration because of the higher price p 2 . Workers in manufacturing on the other hand face losses.
Overall, there is a small welfare gain from 0.1021 to 0.1027 across groups with unbalanced budget, which is +0.55%. When we balance the budget then the new lump-sum transfer is equal to 0.1437. This has a positive effect on the welfare of all worker groups as all groups experience a gain in the welfare, while low skilled workers in manufacturing witness a decline in their loss compared to the unbalanced budget. Both native and immigrant workers move from −0.0017 with unbalanced budget to −0.0006 welfare loss with balanced budget. For the overall welfare with a balanced budget we observe that it is increasing up to +1.65% for new representative worker and by +1.83% for an incumbent worker. Unbalanced budget Balanced budget
Welfare change (Σ − Σ 0 /Σ 0 ) +0.55% +1.65% (representative new worker, new g i jn ) In this subsection we analyze value changes of workers associated with self-employment: E i jn − U i jn and W i jn − E i jn . Initially we didn't put any restrictions on the signs of these variables, so they can be positive or negative. For example, if we find that W i jn − E i jn < 0, this indicates that workers are forced to enter entrepreneurship since their former state is not available anymore.
Alternatively, if W i jn − E i jn > 0, this indicates a profitable opportunity, which workers use in order to increase their income. Value changes W i jn − U i jn and E i jn − U i jn can be found as follows:
Resulting present values U i jn (blue), E i jn (red) and W i jn (green) are illustrated on figure 4. First note that W i jn > U i jn for all worker groups, which means that employed workers have higher present values than unemployed workers. Consider first sector 1 (manufacturing). We find that low skill workers gain value from starting their own business, especially immigrant
). For high skill workers the situation is somewhat different since
. This means that high skill workers are generally better off in paid employment but would prefer self-employment as an alternative to unemployment. Overall, one can see that there is small heterogeneity in the present values of workers in sector 1. Next consider sector 2 (services). Here we find much stronger heterogeneity in present values, with low skill immigrants being the category with lowest values. Native workers in services prefer to be regularly employed but self-employment is better for them than unemployment. The situation is different for immigrant workers with high skilled preferring self-employment to any other state and low skilled being worst off in self-employment. This latter result, however, should be taken with care since the number of low skilled immigrant workers in services is very small in our sample, which could bias the result. Overall, one can conclude that high skill immigrant workers gain from self-employment in service occupations, while low skill immigrant workers gain from self-employment if manufacturing. In this subsection we construct a counterfactual economy where both native and immigrant workers have equal hiring chances, formally we set h i jn = 1 in all submarkets. This case is important because it is possible that immigrant workers are underutilized in Germany in terms of their productive potential. So this case will allow us to estimate the effect of hiring equality on wages, prices and welfare of workers across different groups. In reality, this step could take the form of an easier access to language and integration courses, easier application process for recognizing foreign diplomas and/or anti-discrimination policies (see Kaas and Manger (2012) for an experiment on hiring discrimination in Germany). Further, we shall only consider the model with existing immigrants and not extend it by introducing immigration shocks as the idea of this exercise is to see the implications of equal employment opportunities among natives and immigrants on labour market and welfare rather than effects of immigration shocks.
Our results with h i jn = 1 in all submarkets are shown in Table 15 . To understand the results, note that h L 1I = 0.9120, which is very close to 1, whereas all other h i jn variables are rather small. This means that low skill immigrant workers have similar employment chances as native workers in manufacturing, but their chances are much lower in the other three submarkets.
Hence increasing h i jn up to 1 has a strong positive effect on wages of immigrant workers but a negative effect on wages of native workers in all submarkets except low skill manufacturing jobs. This is because more equal employment chances give more effective bargaining power to immigrant workers which improves their wages. But on the other hand, higher employment in a given worker group reduces the productivity of all workers in this group which leads to lower wages of native workers. The situation is different in the low skill manufacturing submarket.
The productivity of these workers rises due to a higher employment of high skill workers. Thus both native and immigrant low skill workers in manufacturing gain from this policy.
Even though the effects on wages have different signs, we find that all worker groups gain in terms of lower unemployment. Unemployment of immigrant workers falls down to the same level as unemployment of native workers. But the unemployment rate of native workers also falls. This is because easier hiring is beneficial for firms and intensifies the process of job creation, so there are more vacancies, which has a positive indirect effect on the employment chances of native workers. Concerning self-employed, the corresponding row for profits shows that only low skilled self-employed workers in manufacturing gain from the considered policy regardless of their origin. All other groups of self-employed workers observe moderate profit losses. Finally, we analyze the impact of equal opportunities policy with both unbalanced and balanced budget. The new value for lump-sum transfers with h i jn = 1 is equal to T = 0.1407. But we shall first analyze the impact with unbalanced budget. The row for welfare with unbalanced budget {u, y, v, p|T } shows that all native workers except low skilled in manufacturing observe very small welfare losses due to lower wages while all immigrant workers and low skilled natives in manufacturing gain in terms of welfare. The overall welfare gain prior to the fiscal adjustment is equal to +0.5%. Once we allow for a balanced budget {u, y, v, p, T } the losses that native workers observe with unbalanced budget either disappear or get lower. Low skilled natives in services, for example, observe no impact on their welfare whereas it was negative with an unbalanced budget. Similarly we notice that the welfare loss of high-skilled natives in manufacturing is reduced from −0.0009 to −0.0005. All immigrant workers, on the other hand, experience a further gain in welfare from the redistribution. The overall welfare gain with a balanced budget is equal to +0.9%. This shows that productive abilities of immigrant workers are not fully utilized in Germany and there is room for a moderate welfare improvement due to the equal opportunities policy.
Unemployment benefits
In the benchmark model presented above we assumed that nominal unemployment benefits
jn remained fixed and unchanged after the influx of immigrants. This could be the case for long term unemployed receiving unemployment assistance, but it is not a realistic assumption for the short term unemployed, since their benefits are closely linked to their wages prior to unemployment. In this subsection we analyze the opposite extreme case, when unemployment benefits are proportional to former wages. In order to achieve this goal we set a fixed replacement rate for all worker groups equal to z, that is: b i jn = zw i jn (1 − t). With this modification equation (16) can be rewritten as:
Using these equations and z = 0.445 produces the same benchmark equilibrium as before.
However, the new equilibrium after the inflow of immigrant workers will be different, since nominal unemployment benefits are now endogenous. We focus on the case of a skill-and sector-neutral rise in immigration equal to 20% to guarantee that our results are comparable with the second experiment above. These results are summarized in tables 16-17 below: Table 16 : Sector-specific variables, second scenario, proportional unemployment benefits Proportional unemployment benefits amplify any initial change in wages. For example, one can see from table 17 that all worker groups with the exception of low skill workers in sector 1, get higher nominal wages after the inflow of immigrants. This is because any increase in wages stemming from higher productivity leads to higher unemployment benefits, which improves the bargaining position of workers and reinforces the rise in wages. Higher wages are beneficial for workers but not for firms. Specifically, the market tightness of high skill workers in sector 2 has a more moderate increase up to the level 0.9137 compared to the case of fixed unemployment benefits, where it is rising up to 0.9525 in response to the skill-and sector-neutral immigration.
This negative effect of proportional unemployment benefits on the job creation implies that the rise in output Y 2 is overcompensated by the rise in the total income of workers. So the price of services p 2 increases stronger and is now equal to 2.5291, while it was 2.5166 in the setting with fixed unemployment benefits. Higher price p 2 is beneficial for all workers employed in services, also low skill workers. On the other hand, it is harmful for low skill workers employed in manufacturing since their consumption and therefore welfare are both reduced. Nevertheless, Next we consider the implications of immigration for the public budget. On the one hand, unemployment benefits rise in response to higher wages, which is an additional burden for the budget, but on the other hand, higher wages, especially in service occupations, lead to higher tax contributions and reduce the pressure on public finances. Overall, we find that both effects neutralize each other and public expenditures increase to the level T = 0.1442, which is only slightly more than 0.1436 in the setting with fixed unemployment benefits. Taking into account this rise in public expenditures, the overall effect from immigration is increased to 2.16% for the average incumbent worker and 1.98% for the new representative worker. Comparing 1.98% with 1.63% in the case of fixed benefits, we conclude that proportional unemployment benefits amplify the positive effect of skill-and sector-neutral immigration reported in the previous section.
7 Alternative calibrations
CES production technology
In this subsection we consider a different calibration of our model with a more general CES production function as described in section 2. Specifically, we take the elasticity of substitution between different skill groups of labour in Germany from the recent study by D'Amuri et al.
(2010). They find that 1/ρ = 0.34 (ρ = 2.94), thus the Cobb-Douglas production function implies a lower elasticity of substitution between high and low skill labour compared to the one observed empirically for Germany. In order to address this issue and obtain more precise estimates for the effect of immigration, we deviate from the Cobb-Douglas specification and perform a new calibration of our model with ρ = 2.94. All other transition parameters {r, γ, δ, α i jn η, λ 0 }, frictional parameters {β i j , K i j , b i jn , t} as well as nominal wages, productivities, profits from selfemployment and public expenditures {w i jn , p j y i jn , π i jn , T } remain the same as in the benchmark calibration. In addition, since variables ψ i jN and φ i jn reflect ratios between productivities of respective worker groups and productivities of immigrant workers in these groups, these parameters also remain unchanged. The only change in terms of model calibration refers to the two parameters of the production function χ 1 and χ 2 , the corresponding fixed price p 1 , as well as the share of good 1 in total consumption a 1 . Setting, ρ = 2.94 and using the new productivity equations from section 3 we find the following:
χ 2 p 1 a 1 0.5389 0.4071 1.9853 0.3123 Table 19 : New calibrated parameters with the CES production function Next we set these parameter values and document the implications of a skill-neutral and sector-neutral 20% rise in immigration (second scenario) with a CES production function. Our results are documented in tables 20-21. Table 20 : Sector-specific variables, second scenario, CES production function These tables reveal the following. If the elasticity of substitution between high and low skill workers is larger (ρ = 2.94 > 1) it is easier to substitute workers with different skills for each other. Table 21 shows that this change is beneficial for the low skilled and costly for the high skilled. For example, the rise in wages of all high skill workers is mitigated, whereas the rise in wages of the low skilled in services is amplified. As before, the only group of workers losing from immigration are the low skill workers employed in sector 1 (manufacturing), however the drop in their wages is weaker with a higher elasticity of substitution. When considering welfare, we can see that the increase in the price of services p 2 is similar to the case of a Cobb-Douglas production function. This rise in prices eliminates the welfare gain of high skill workers in manufacturing, so only workers supplying services gain from immigration in terms of welfare. Nevertheless, the overall welfare gain from immigration is positive and equal to 0.71% and 0.53% for the incumbent and new representative worker respectively when public expenditure T is fixed. Allowing for the adjustment in the public budget we find that T increases to the level 0.1436 due to higher taxes.
This raises the total welfare gain from immigration to the level 1.82% and 1.64% depending on the reference group. Thus the overall welfare gain remains the same with the CES production technology.
Unbalanced budget Balanced budget 
Robustness with respect to σ
In this subsection we consider another calibration of our model with σ = 0.1. Elasticity of substitution σ is a preference parameter and so it is difficult to estimate this parameter empirically. Ngai and Pissarides (2004) conclude that [0.1...0.3] is the most realistic range for this parameter.
Since σ = 0.3 is our benchmark parameter value, in this subsection we consider the lower limit and set σ = 0.1. Changing the elasticity of substitution, implies a lower value of a 1 = 0.22 but there are no other changes in the parameters. Table 24 shows our new results for the skill-and sector-neutral 20% increase in immigration. A rise in immigration leads to higher output on the one hand, while on the other hand a rise in demand is also observed. This leads to a stronger rise in the price for services, p 2 = 2.5651 as higher output does not seem to compensate for high demand so the market for services clears at a higher price. This is intuitive because 1/σ is the elasticity of the relative price p 2 /p 1 with respect to the relative output Y 2 /Y 1 . With σ = 0.1, this elasticity is increased to 10, which means that the relative price p 2 /p 1 becomes more sensitive to changes in the relative output Y 2 /Y 1 . A stronger increase in the price of services implies that wages of workers employed in services rise stronger compared to the benchmark case with σ = 0.3. Also unemployment of these workers falls stronger. But wages and unemployment of workers employed in manufacturing remain the same as in the benchmark case since they are not directly affected by the price p 2 . Next we analyze the effect of skill-neutral immigration on welfare in the new setting with σ = 0.1. The new value of T is equal to 0.1391. The change in welfare with an unbalanced budget is given in row {u, y, v, p|T }. It appears that all workers in manufacturing lose welfare as a result of higher price p 2 while all workers in services gain in terms of welfare. The average welfare gain at this step is equal to +1.86%. However the increase in immigration will also change the lumps-sum transfer made to each worker in the economy to balance the new budget.
Workers employed in services pay higher taxes which leads to the surplus of the public budget, so that T = 0.1482. With this transfer all the workers experience a rise in welfare except the low skilled working in manufacturing who still observe a loss in welfare. But this loss is considerably reduced compared to the one with unbalanced budget. The high skilled natives in services benefit most as their welfare rise is given by 7.5%. The overall average gain in welfare is about +3.9%
for new representative worker while +4.1% for an incumbent worker with balanced budget.
This experiment shows that more sensitive prices of services produce larger welfare benefits for workers employed in this sector. So the overall welfare rise is stronger with more sensitive prices.
Thus our benchmark case with a total welfare gain equal to +1.65% for a new representative worker is a conservative estimate of the skill-neutral immigration in Germany.
Conclusion
In this study we explored the effects of immigration on the German labour market using a search and matching framework. Within this framework we analyzed the welfare effects of immigration on consumers in Germany. We developed a model with two sectors of production -manufacturing and services -and workers heterogeneous in their skills (low or high), origin (native or immigrant) to produce the final good using CES production technology. Our model differs from the existing literature as it includes self-employment as an alternative occupational possibility for workers.
Our model also considers redistribution policy to capture the impact of immigration on the public budget. We assume that manufactured goods are traded on international markets and keep the price in manufacturing fixed. In contrast, the price in services is endogenously determined within the model since services are consumed domestically to a large extent. only low skill workers in manufacturing have a slight drop in welfare (−0.6%). All other worker groups, especially, high skill workers in services gain from immigration. This effect is driven by higher internal demand for services, which leads to higher prices of services. The gains of workers employed in service jobs are partially redistributed through the tax system and reduce welfare losses of low skill workers in manufacturing.
We also performed several extensions of our model to analyze the effects of proportional unemployment benefits and equal employment opportunities between natives and immigrants.
Our results show that unemployment benefits proportional to wages amplify the positive effect of immigration. Similarly, equal employment opportunities also enhance the positive effects of immigration by allowing to fully utilize productive abilities of immigrants. In both extensions we observe an increase in welfare compared to the benchmark case. One policy recommendation that emerges from our study is that creating equal employment opportunities among natives and immigrants could generate a welfare gain.
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Proof for the Nash Bargaining Solution The first order condition of the Nash maximization problem is given by: 
Definition of variables and data description
Our definition of the immigrant status is based on variables yp137 (German nationality) and yp139 (German nationality since birth). Only if both variables take value 1 we classify the individual as a native (. Otherwise the person is assigned an immigrant status. Thus our definition of immigrants includes individuals with foreign citizenship (1144) and those who changed their citizenship for the German one at some later stage in their life (921). The definition of self-employment is based on variables yp4602a (Selfemployed farmer), yp4602b (Free-Lance professional), yp4602c (Other self-employed), yp4602d (Family member working for relative). If one of these variables has a positive answer, the person is assigned to selfemployment (1194). The definition of unemployment is based on variable yp15 (Registered unemployed). The individual is classified as unemployed if yp15 takes value 1 (1183). Our definition of employment is based on variable yp19 (Gainfully employed). Thus workers are classified as employed if they are full-time employed or regularly part-time employed and havn't been classified as self-employed (8699). Thus we exclude workers in military or community services, workers on vocational training and those with zero working hours near retirement. The skill level of workers is based on variable ybilzeit, which takes values between 7 and 18. Low skill workers are those with schooling less or equal to 12 years (12788), workers with more schooling years are classified as high skilled. The sector of production is based on variable e1110608. Sector 1 includes Agriculture, Energy, Mining, Manufacturing, Construction and Trade, whereas Sector 2 includes Transportation, Banking, Insurance and Other services. Sector information for unemployed workers is recovered from their jobs in the previous 5 years (2003) (2004) (2005) (2006) (2007) (2008) based on variables e1110607, e1110606, e1110605, e1110604, e1110603. To avoid a possible bias we don't delete observations with missing sector information, rather we apply the fractions of workers employed in sectors 1 and 2 respectively to all workers classified as employed, so their total number remains the same. We apply the same procedure to unemployed and self-employed workers. 
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